A simple, rapid and sensitive spectrophotometric method has been proposed for the determination of cerium(IV) using a phenothiazine derivative, propionyl promazine phosphate (PPP). This method is based on the formation of a red-colored radical cation upon a reaction of PPP with cerium(IV) in a phosphoric acid medium having maximum absorbance at 513 nm. Beer's law is valid over the concentration range of 1 -11 µg/ml with a Sandell's sensitivity value of 16.14 ng/cm 2 . The proposed method has been successfully applied to the analysis of magnesium-base cerium alloys and synthetic mixtures corresponding to various cerium alloys. Other phenothiazine derivatives viz. butaperazine dimaleate and propericiazine were also used for the determination of cerium(IV).
Analytically, cerium in its tetravalent state differs significantly from all other lanthanides due to its immense oxidizing ability in acidic solutions. This property of cerium(IV) stands in the way of its determination using organic reagents. With the advent of atomic energy programs using thorium extracted from ores, like monazite, a common ore for cerium, the presence of cerium(IV) in the environment proves to be alarming. This necessiated the development of convenient and reliable analytical methods for the determination of cerium. Analytical techniques, such as ICP-AES, [1] [2] [3] or electrothermal vaporization ICP-AES after HPLC separations, 4 ,5 spectrofluorometry, 6, 7 stripping voltammetry 8, 9 reported for the determination of cerium are of high cost and may not be available at most laboratories. Hence, it was planned to develop reasonably sensitive and economically viable techniques, like spectrophotometric procedures. Various analytical reagents viz., o-iodobenzoyl-o-tolylhydroxyl amine, 10 1-phenyl-3-methyl-4-benzoyl-5-pyrazolone, 11 diantipyrylvinylphenylmethane, 12 2,4-dihydroxybenzo-phenonebenzoichydrazone, 13 o-phenylenediamine, 14 p-aminophenylmercaptoacetic acid, 15 2-thenolyltrifluoroacetone, 16 8-hydroxyquinoline, 17 N-p-chlorophenyl-2-furylacrylo-hydroxamic acid, 18 hydroxamic acids 19 and pyrogallol red, 20 have been proposed for the determination of cerium. However, most of these methods suffer from a number of limitations, such as interference by a large number of ions, [10] [11] [12] [13] 20 low sensitivity, 10, 11, 14, 15, [18] [19] [20] need for extraction 10, 11, [16] [17] [18] or applicable only at higher concentraions of cerium. 10, 14 Concerning the present investigation, we report on a simple, rapid and adequately sensitive spectrophotometric method for the determination of cerium(IV) using PPP.
Experimental

Apparatus
A Hitachi (Model U-2001) UV-visible spectrophotometer with 1 cm matched quartz cells was used for absorbance measurements.
Reagents and samples
All chemicals were of analytical or pharmaceutical grade and quartz-processed high-purity water was used throughout.
A stock solution of cerium(IV) was prepared using ceric ammonium sulfate (AR) in 0.5 M sulfuric acid and standardized volumetrically. 21 It was diluted as required. A 0.2% solution of PPP was prepared in distilled water and stored in an amber colored bottle in a refrigerator. We used 10 M H3PO4 throughout the study. Solutions of diverse ions of suitable concentrations were also prepared.
Determination of cerium(IV)
To a known volume of cerium(IV) solution was added 1 ml of H3PO4 and 1.2 ml of PPP. The volume was made up to 10 ml with distilled water and mixed well; the absorbance was measured at 513 nm. The amount of cerium(IV) in the sample solution was deduced from the calibration curve.
Analysis of cerium(IV) in magnesium-base cerium alloys and synthetic mixtures
A magnesium-base cerium alloy was weighed accurately (2.0 g) into a 250 ml beaker and 50 ml of distilled water was added. Concentrated hydrochloric acid was added in 5 ml portions until the alloy dissolved completely. The solution was heated to boiling, cooled and filtered through a Whatman filter paper No. 1. The filtrate was diluted up to the mark in a 100 ml calibrated flask. A 40 ml portion of this solution was transferred into a 
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Saraswati P. MASTI,* Jaldappa SEETHARAMAPPA,* † Mahaveer B. MELWANKI,* and Noboru MOTOHASHI** 250 ml beaker, and 20 ml of saturated oxalic acid solution was added. It was digested on a water bath, allowed to stand for 1 h and the precipitate was filtered by washing the precipitate with a 0.05 M oxalic acid solution and finally with distilled water. The precipitate was dissolved in 2 M sulfuric acid, and 20 ml of a 10% ammonium persulfate solution was added, followed by 5 drops of a 1.0% silver nitrate solution. It was heated on a water bath until the precipitate had dissolved completely and cerium(III) had been oxidized to cerium(IV) completely. The excess persulfate was destroyed by heating the solution. An appropriate amount of alloy solution (containing cerium within Beer's law range) was analyzed using a procedure described earlier.
Synthetic mixtures corresponding to various cerium alloys 7,22 were also prepared, and the amount of cerium(IV) present in each alloy was determined by taking a suitable amount of the solution and measuring the absorbances at 513 nm after developing the color by following the procedure described for cerium(IV).
Results and Discussion
Cerium(IV) instantaneously oxidizes PPP at room temperature in an H2SO4, HCl, H3PO4 or CH3COOH medium to give a redcolored species that is believed to be a radical cation, 23 which is irreversibly oxidized to a colorless sulfoxide with the loss of one more electron, as shown in Fig. 1 . The formation of a radical cation was also confirmed by passing an aliquot of the solution through cation and anion-exchange resins. Only the cation-exchange resin retained the red-colored species, indicating the cationic nature of the species. The red-colored radical cation absorbs at 513 nm where the reagent blank does not absorb appreciably, as shown in Fig. 2 . The stability and sensitivity of the red-colored radical cation depends on the nature and concentration of the acid medium used. The species is unstable in HCl and H2SO4, and does not form more intense colored species in a CH3COOH medium. The colored species attained maximum color instantaneously in 0.5 -1.5 M H3PO4. Hence, 1 M H3PO4 was selected for the study because of the higher sensitivity and longer stability of the red-colored species. A 6-fold molar excess of PPP is necessary for maximum color development. Below this concentration of PPP, a less intense and unstable colored species was observed. It was found that the excess of the reagent had no effect on the stability, sensitivity or λmax. However, an 8-fold molar excess of PPP was used to ensure a complete reaction. It was also observed that there was no appreciable change in the absorbance if the order of the addition of reagents was varied. The absorbance values remained constant for more than 50 min in the temperature range 15 -50˚C.
Analytical features
The red-colored species obeyed Beer's law in the concentration range 1 -11 µg/ml with a molar absorptivity value of 2.11 × 10 4 l mol -1 cm -1 at 513 nm. Sandell's sensitivity value, as calculated from Beer's law data, was found to be 16.14 ng/cm 2 . A regression analysis of Beer's law plot at 513 nm revealed a good correlation (r = 0.9995). A graph of the absorbance versus the concentration showed low intercept values (0.0446) and a slope (0.0501); these are described by a regression equation, Y = a + bX (where Y is the absorbance of a 1 cm layer, b is the slope, a is the intercept and X is the concentration of the cerium in µg/ml), obtained by the leastsquares method. The low relative standard deviation value (0.95%) and the range of error at the 95% confidence level (0.63%) for the analyses of six replicates of 8 µg/ml of cerium(IV) indicated good precision and accuracy of the proposed method.
Effect of diverse ions
In order to assess the analytical potential of the proposed method, the effect of some diverse ions, which often accompany 168 ANALYTICAL SCIENCES FEBRUARY 2002, VOL. 18 Fig. 1 Reaction scheme. Fig. 2 Absorption spectra of (a) Ce(IV)-PPP system containing 8 µg/ml of cerium(IV), 1 ml of 10 M H3PO4 and 1.2 ml of 0.2% PPP in a total volume of 10 ml and (b) reagent blank containing 1 ml of 10 M H3PO4 and 1.2 ml of 0.2% PPP in a total volume of 10 ml. cerium(IV), were examined by carrying out the determination of 8 µg/ml of cerium(IV) in the presence of a number of other ions. An ion was considered to interfere with the determination if the obtained absorbance values differed by more than ±2% from that for cerium(IV) alone. The results presented in Table 1 indicate that many diverse cations, especially lanthanides, did not interfere with the determination of cerium(IV).
Analysis of magnesium-base cerium alloys and synthetic mixtures
The applicability of the proposed method was checked by analyzing magnesium-base cerium alloys and some synthetic mixtures corresponding to cerium alloys. The results are recorded in Table 2 .
The percentage contribution of cerium in sample No. 2 was reduced to 0.53 from 0.72% in sample No. 1 due to the presence of additional metal ions (in addition to metal ions already present in sample No.1) totalling 136.1% compared to 101.1% in sample No. 1. The low percentage RSD values reflect the good precision of the proposed method.
Phenothiazine congeners viz., butaperazine dimaleate (BPD) and propericiazine (PPC) were also used for the determination of cerium(IV). These compounds were also found to undergo reactions similar to that of PPP with cerium(IV). The resulting radical cations exhibited absorption maxima at 515 and 510 nm for BPD and PPC, respectively. The systems obeyed Beer's law in the concentration ranges 0.8 -12 and 1 -12 µg/ml with Sandell's sensitivity values of 18.23 and 17.48 ng/cm 2 , respectively. The Ce(IV)-PPP system is relatively more sensitive (16.14 ng/cm 2 ) compared to the Ce(IV)-BPD and Ce(IV)-PPC systems, and hence it is discussed in detail in the present paper.
Thus, the proposed method could be used as an alternative method for an investigation of micro amounts of cerium in alloy samples, because the associated substances in these materials do not interfere with the determination of cerium(IV). 
